(Motion in Plane and Space) 



1-2 



<uL tf jllj JUI J^ill ^i . f±&^> J«i Jt j^-^ <*>» Jl^ 1 J-^ 1 i> ^j- 1 
^Ijill <*-ljJ JUJI J— ill u ^.nVii .pLiill ^i jl jl— « ^i ^*-* ^>* o-jJi 
otijjill <£>». ^ ^ «(*l-ill) jbui £:>£ jl (ji— ) Oe^ ,> f L-a»Vl 4£>J .<-LJI 

dJISII J-aill ^.^Vi Uiu .^...jUIUo^ JU- ^i 5S^HI <i>a-ill jxLu^Vl <Sj*.j 

(^^OoLf^lJ^laSjj^^^L-IOfjUS 2-2 

A = B 

A Z = B Z , ^ = By , ^=5* 

:ol pit I £>k$ C"*^ 2-2-2 

:j5LiJL Bj A e g o ->"*t I ^>1^ jl fr*?^ 
(1-2) C = k±B = (A x ±B x )lHA y ±B y )\HA z ±B z )k 

^3-2-2 



nA = (nA x ,nA y ,nA z ) 
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■.(Scalar Product) ^ jjjj I v> *iJ I : ulu <l?JU v> J» 4-2-2 
(2-2) A.B=c=ABcose AB =A x B x +A y B y + A z B z 



A-A = ^ 2 = ^+^ + ^2 



O'tfl 



^ = ^2 +y4 2 + ^2 



(Vector /fta/wcf; (^UUI) <^UI v>M yi :< ajLu <t;LL4 VJ ^ 5-2-2 



(3-2) 



AxB = 



i j k 

A X A y A z 

B x B y B z 



= C 



:<5iUJL 
C=;4flsin0, 



J AB 



B J A c>u <Jj'jil #,„ ^ 



: (Tn>fe Pta/wcfj ^ lj ^ jo*J I ^tfj I v>u y I 6 - 2 - 2 

^ -CjBjAoU^ull^jjJI ( LhLiiJi) JXI\ v>u i|| ^j A«(BxC) Jc Jlki 

r^llll (Determinent) (jjaJ.1 jj) cajlIL • 



(4-2) 



A.(BxC): 



A„ A. 



B„ 



B y B z 



^x Cy 



c 



39 



(5-2) A*(BxC) = (AxB)*C 

.C jBjAoL^Ull <^lll Jl£l\ v^ 1 f^" 1 AxCBxC)^ jlki ^>l <^ <> 

(6-2) Ax(BxC) = B(A*C)-C(A.B) 

: (Vector Differentiation) oL^aJLt I ^Ql-SJ 6-2-2 

A = X x i+Ajj+4 z k 
^il^l <^oi]L j^ll <W^ 6jjJlI Jja-o ^l) oxyZjjUJll iojkll i^uilL <uluL* ^^ j^ 

dA dA x . <Wy . i4 z , 

(7-2) — = — -i+ — -1+ — -k 

dt dt dt dt 

. oxyZjjLdl iojk\t <juuullL tLQ^yLu kjj jiS^^JI oL^l^o 1 cA>*f 
jjUil i. i klli^JL6^l s J: ^e 3 je 2 je i 6^jol4^io<lVx ? A Lu£ IjI Li 

(8-2) A = i4 1 c 1 + i4 2 c 2 + i4 3 C3 

j 

^ nN dk dA x dA 2 t dA 5 de, (k 2 de 3 

(9-2) — = — L e 1 + — -e 2 + — - e s + (A-T + A 2— ~ A 5~j ~) 
V dt dt 1 dt 2 dt 3 rt l dt ' dt 

f dX^i. jjU^ Lajkll <^JL ij,,^ <£>* iuiljJ <JU ^i Sjx^ iuJbl (9-2) <£>U11 

.j^LJI Jo^ill ^i 
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Us*. j»jm i ? ^jLtuj <c^L« j^>jj <<^Lu ijSlj^yi j^Uil <^jk^ j) ^ L<ui ^jlij 
<-ijjUlj1 < (polar) IjlA>H I ji < (cflftesww^<^jl^^lol^la^VL<x^^<^cj^ 

. (cylindrical) <jj» IjlmiV I ji < (spherical) 

-.(cartesian coordinats) <^jliLjjJI a Li I x* VI 1-3-2 

jjL~o <^kii <juoiiJL r = ^i+j^+2k <l ^Li Ijo=^ m Inj,,,^ LlJ ^i ^jIAJ 

:JfLiJLkjjji<hfjj ja^-uaJI <cj^uu <u=wio ..r^; &±xc iOxyz £lQ iiSld^J 

nn x dr dx. dy. dz t . 

(10-2) v = — = — 1+— J + — k=iU+i;J+i; z k 

(11-2) a = — = — ^ih — ^-jh — s -k=«_i+« v |+a_k 

* dt dt dt * y> * 

/„ r. d 2 r rf 2 *. d 2 y. d 2 z. 

(12-2) a = — = — 1+— fj+— -k = «_i+« v j+fl_k 

<ft 2 <ft 2 <ft 2 <# 2 * yi z 

: (gradient operator) gjjlil -j^j-a 2-3-2 
:<iiUJL iujlijjll oLulja.yL u = u(x,y,z) Ljjc <Jlj ^i (gradient) ^jjSlJjju 

(13-2) du=dr.Vu 

(14-2) * = (<fe)i+(<fy)j + (<fc)k 

: <5iUJL U <jjj*JI <JIJI ^jji vj^ajj 

(15-2) V«-Al+Aj+Ak 

ax cty <9z 
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(16-2) 



:_i Lf l=*jj (gradient operator) ^ joli I >!>» Vt-r*"^ 

v=4) i+ 4)j + 4 )k 

ax ay az 

.M OJJjJI 511 Jl Je. yj^ll J^ <> £^ (15-2) 01 Ji^i 

■. (curl of a vector) <uJLa j I j j 3- 3 - 2 
: <5}bJL A <U=l1o (cur/) j lj J ^i^i 



(17-2) 



VXA: 



i j k 

i. A. — 

dx dy dz 

A x A y A z 



.x JL^uii <^i^ ^j* 11 i^* 1 i> ^/<&>Jl ji. , 

J^ j*j ^>- . v jr jjUl ^>u <^lo JUu <bj-^ <*!* j&> <>• J~~^ ^ ^^ 
oL^JI > Uj^j f >Jlj Jiill v 1 -^ ^ ^ J&U *" J £>* «> J ^ ui ^ 

: fpo/ar coordinates) <o^kU I oLS I ±*.i I 4-3-2 

:<aJlL JO=Jj 4*-ua>» jjU jIm^ ^ i^^?. 4>^ Lo-^ 



(18-2) 



f = »+jl=ni 



.(l-2)JLill^US 




(1-2) JLill 
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. (cylindrical) <^ f^JL^V I ji < (spherical) 

■.(cartesian coordinats) S^jLiijJI oLSIjaV I 1- 3 - 2 

j^L^o <^kiL <^i)L r = jd+>j+2k<e :Lil e ,J ^" m lnj.., ? Lul ji ^jiid 

: J^u±JU k_9 JL9 i <1V^ ^-j^-uo^JI <^jjlu <^i* ^il: ^jk. ^ojcyztLl: iilj^l 

Mn n dr dx, dy. dz t 

(10-2) v = — = — i+-f j + — k=^i+f; v j+^k 

dif <ft ^ dt x y} z 

: JS i Til u <c j LuuH cuSjj 

(11-2) a = — = — ^-1+— ij+— ^k=fl x i+aj+a_k 

^ dt dt dt y z 



(12-2) a = — = — 1+-HH + — k^i+flj+flfc 

^ 2 ^ 2 <ft 2 d/ 2 * ^ z 

: (gradient operator) £ j jii I •>£* 2-3-2 
:<fcl*JL iujlijaJI oLSI^VL u = u(x,y,z) JLjjt <ilj ^j (gradient) ^jSl^^i 

(13-2) du=dr»Vu 

04-2) '* = (<k)i+(<fy)j+(<fc)k 

(15-2) VM =Ai + A j+ Ak 

ca cty <?z 
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loli^UIL ,(1-2) JSoiJI ^> ,oLSI j^V I 6iA ou Jaj^ij ,(r, 0) ^ ; Lsi l oLsl^VL jl 



(19-2) 



#= rcos# 
)> = rsin# 



(20-2) 



r = ^x 2 + y 2 



tan = ■ 



x 



^ ^ -j^ 1 iJlj <^'H jLjjI ^U:L jjlJ Jl> ^> Ji i^\ <^ j^ -vi 
.(1-2) Jl^ll ^ L£ ^^Dl (i k<e j r> J£ jLy,l 6 U:L LijiJ 9^ S^ll^^i* 

:<i3VI 



(21-2) 



fi = cosO i+sin# j 
6 t = -sin# i+cos# j 



(22-2) 



i=cos# fj'+sinfl G x 
j = sin r-L + cosfl 6 X 



(23-2) 



(24-2) 



f = n-i 



O^kJ <S^ixll 6JJb ^jia jULLJiL 



dr rfr 



dfc 



v = — = — fj + r- 



^_ _ (k x d6 _ • ^ 



ji 
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jl (21-2) 0U5UJI <> j^ iu^ 



(25-2) ^- = -sin0 i+cos0 j = Gj 

d0 



(26-2) — L = -cos0 i+smO ) = r^ 

dO 

:^l(24-2)J^JIil 

(27-2) v = (r)r 1 +(r0)9 1 

(28-2) v^^rj + ^9! 

: v (radial velocity) <j jJLil I IcjjmI I uijju d^a. 

(29-2) v r = r 

■. v g (tangential velocity) <_.,., I »t I it j-lJ 1j 

(30-2) v 9 = rd 



(31-2) a = (r- r^ 2 )^ + (r0 + 2*0)8! - ^^ + fl^ 



(32-2) 



<^ = r- r0 2 



fl0 = r0 + 2r0 



r=r = 
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ijll LjLuj (^^Lill ^jLulJI j^uoj, jliic 



(33-2) 



a r ^-r0 2 



<^j < (central or centripetal acceleration) ^jl J. I ^jL-Uf^l a ^ jlLi 

. (30-2) ibUJL, sLLl* t> iLli iu^u* ^- _,,, ,, h^ls 



Xspherial and cylindrical coordinates) l^ijL^I l 3 iijj&t^l£l±a.i i 3-3-2 
ji .C*j>,zJ iujlijll oLsl^VL <u^ j^i LiU pLaUI ^ r: - ? j^ Lxic 

.(2-2) JfLill ^i <^^^.| , (p,0,z;iul s> ku.VI jl ,(r, 0,0)4^1 
:<JtUI oUiUJL . (3-2) Jiill ,> .oLSI.ta.VI . itu. ^ L.ji 



(34-2) 



x = pcos0= rsins#cos0 
j; = psin0 = rsin^sin0 
z= z -rcosO 




(2-2) Jiill 
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(35-2) 



r = (* 2 + j 2 + z 2 ) 1/2 = (p 2 + z 2 ) 1/2 

r r z 

= tan- 1 (^) = cos- 1 (-)-sin- 1 ( 1 ) 
x p p 



(36-2) 



p = (x 2 + y 2 ) V2 = rsin0 

^-tan- 1 (^) = cos- 1 (-) = sin- 1 (^) 
x p p 

z= z =rcos6 



(r 1 ,e 1 ,<|> 1 )j (i,j,k)SW olf^i. OJi^> c& J^JI u^f <t*>i <4^ »> 



e 



k< 




S^Zx 



(v) 



(4-2)JLill (i) 



(37-2) 



' i = (sin0cos^)r 1 +(cos0cos0)9 1 -(sin^)<|) 1 
j = ( sin sin </>>!+( cos sin ^)9j +( cos 0)<|>i 
k = (cos0)r 1 -(sin0)9 1 



(38-2) 



rj = (sin0cos0)i+(sin0sin0)j + (cos0)k 
Gj = (cos cos 0)i+(cos sin 0)j-(sin 0)k 
<h=(-sin0)i+(cos0)j 
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: (ft,*,k)jaj,k)c^i«jii(«) 



(39-2) 



i = (cos0)p 1 +(sin^)<|> 1 
j = (sin0)p, +(cos^)<(^ 
k = k 



(40-2) 



(41-2) 



A=(cos0)i+(sin0)j 
<h =(-sin0)i+(cos0)j 
k = k 



^^.kM^e^)^!-,]!^) 



r 1 =(sin^)p,+(cos0)k 
O 1 =(cos0)p 1 -(sin0)k 



(42-2) 



ft =(008 0)0!+ (sin 6)t x 
k = (cos0)r 1 -(sin0)9 1 



ii+ij + ik 

Pft+p^ + ik 

flr, + r09 1 + rsin00<|> 1 



(42-2) 



v = ^ 



(43-2) a 



Ja+jj+ik 

(P-pf)Pi +(p<i> + 2p<j))$ + ik 

(r-r0 2 -r0 2 sin 2 0)r ] +(r0+2r0-r0 2 sin0cos0)e i + 
( r0 sin + 2r<j> sin 9 + 2r9<j> cos 0)<h 
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(implicit) j^^J\ ,>jll ^(explicit) & ^ JlA. z 3 y 3 xoLsla^y I j^ u' u^f 

^jJS 6 JjJ J-tisLk ?*<«? <^>»> 1 " 4 - Z 

:£s}LjlIL ,_yjljil tlHS^J ulP^ v"" > .' 

(44-2) Fi+F 2 + ...+F iV =ma 



(45-2) Br=j>>i = 



i=i 



dp 
dt 



•, w»> t jt CA^i^^l cA-i <5l»UxJI <i^L«JI <l^tS-^* 



(46-2) P 2 -Pi = J F r 



dt 



t* 



Jj>l\j&t SjSill J^ fj.M^H ^^11 ^jll j^ ^ (46-2) <> ^-iVI ^>JI ol ^^ 

:j,1 ^1 < Sj^JI elk J^F ? . (impulse) SjStl ^j ^ <>uVI 



*? 



(47-2) J=J*r* 



: Lu^J <J^J1I ic^uJI <^Ixu Ljjc (45-2) ^>> lij^ua jl (5^1 <f^ i> 



dp d( mv) 
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(49-2) — amv.v) = — awf/ 2 ) = IV-v 



dt^ 2 dt 2 



(50-2) T = \mv 2 



iji / 2 j f c^ik^JII c>u (49-2) <LHaj j^j £ i>A .i^^JI <SIU I ^ 



/? 



(51-2) ^-r^Jdy-v) dt 

Sjjill F r .v jaJIJi^iu^ . <2LUI ^^kU^tHJI J<ai i (51-2)^^ 

:j)1 c£* '(instantaneous power) p<J^> 



(52-2) p-Iy-v 

p LuLAl I ^i d>^ ^t.n^ ^ Sj^^a 6>S JJLii 2-4-2 
: <5^l*JL L <iLuu-o <1UIjI J}LL .>j«.i^ ^^Jc Sjjj-o SjS J*iti <-i^u 



r> 



(53-2) W=JF-dr 



'i 



<J& Jjjle. j Lull ^ ikii J£ .ik. <ij^*-o 4^>aJI fcUJllj SjUI <>j iijI^JI Cul£ Ijl 

: JUJLSj^Vlii^UJI 



r? 



(54-2) r=J"iycos0dr 



r 
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(55-2) 



W=JF x dx+F y dy+F z dz 



S^j 



(51-2) l jv=dr/dt 



J-^jj 



r. 



(56-2) 



T 2 -T 1 = J¥ r .dr=W T 



je JJ ^> cg-*-*A>* o±i J^e ^*±*- ^j'"?l ^>^i <slui ^ju ji 6^Lii <s^juII jj^ 

. ( Work-Energy Theorem) <1 LLJ I j J*A1 I Li jiLi (56-2) 
( 7br#i/e 6- Angular Momentum) ^j tjl I ^^J I j ~ ^*] | 3-4-2 



(57-2) 



T = rxF 



.(5-2) J£^JI^I^I 




(5-2)JUJI 



:^jF=m dvM j^li f^u^JI ^JL S^SjJLI ^ill <L^* ^ (57-2) ^iF^ Ijl 

dv d , 
T = rxm — = — (rx mv) 
dt dt 



l^U jl 



50 



d , . dt d 

— (rxmv) = — xmv+rx— (mv) 
dt dt dt 

:t**x .v = dtldt^i >^Jl ^Vl jijUl <> JjVI j^Jl ^L^ 
(58-2) ^ = rXmv = rX p 

: <J\ f>" Jb& < OJ <wJL (>j ■■ ■ -;> I I (Angular Momentum) ^j l^J I -j^ 1 1 



(59-2) T ^ 

.<kiill ^jailJ <w„:JL jy.jJI 
<S>JI ^ tiki L£ ,^1 ^| ^ ^i j^^,^ ^ ^i ^^ ^ 

:a^i O^t^i^l^^LJI^iUIIiLli^.iJIiiiVI 

(60-2) l 2 -l x = \xdt 

u 

jt* ,(60-2) ,_u^ ^L^jiAngular Impulse) ^Ijl I ^ J | ^Vl ^>JI ( _ rtt _, ^ 

• t 2 J ^ qCiliaJI L>U(^)l_yi A^^JI 

. ^Ijll ^jll t^kU ^LtiUI JLill (60-2) <fcl*J| ^L.. 

(Potential Energy) (iLat^ll <jj(_LJf jl) ^^lULL 5-2 

l+iii j^ JSoic J»a pLAill ^i <*^. ^JL ^^^ J* s&tl Sjill oa^I Ijl 

:<fcl*IL ( _ r kxx r Jlr <> Jiiu Laic 



(61-2) 



W=jF(r).dr 
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:j5LiJL f a^u^JLI Sic AjMi^tl f-uaj <jflLL iHjc Ijji 



(62-2) 



V(r) = -[F(r)-dr 



• o^^JI IflLb Jjjii jjjlc . loj Jjla dl llA F(f) ^jj^- 1 ^^ * Sjlc «i^>» (5j' Jk ^l p-*^}* f 

.<Jail)l Jt Jl (F 6J^. A^tH) 



r s f 2 f i r f 2 ^ 



M 



*\ 



r s 



r« 



/ 



(63-2) 



W5. = 7(r 1 )-Kr 2 ) 



, I *A Hi I A \f 

(64-2) ■" r 2 -r 1 =Kr 1 )-Kr 2 ) ■ v 



:jl 



(65-2) 



r 1 +Kr 1 )=r 2 +K(r 2 ) 



SiC J-xojJI <5Llaj <£>aJI <SLk f jft^n C£i'" JUJ f Uf* ^-A>k J^ c^ (65-2) J-o la^^L 



(66-2) 



£=T+Kr) 
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: J[ (65-2) J^ Zs*. 
(67-2) bE = E 2 -E l =0 

. ( Total Mechanical Energy) <±KI I 5 ■<.-. njt f <jj QJ f ^ | £ ^ ji^ 
Jt AsZxi gj* <L^* j£h o^ ooLi; ^ j,;!^. J^ |j| <uj (67-2) j . -.-.•■-..-•■ 
.£l£ <J£JI <^l%ll 4I5LL ^ Juj^ l^ ^ <2LL= ^^iu.1 j^ ,La ^^ 
.(Principle of Conservation of Energy) ULkll Ilia. Ia^jjCL ^a, 

^jalU^Lj^f^iUfjo^f^jL^L^L^jiliiLai^^l 6-2 

r 

Kr) = -jF(r)-dr 

.(Conservative Force) <kiL^ s^ ^1 jSaic <uk Sjj>II SjUl 

:<35U1I 
(68-2) F(r) = -VV(r) 

AxA = 
:<jl JaJ Uili v _. (68-2) Jijzl <aili v>u y| tiii |ju 

(69-2) VxF(r) = 

• (69-2) jiajj j_^| ^jc j^u ^3li ji * <iiiuj.| Sj5 ju 
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. ((equipotential surface (or line))^ ^jL^ (1*L J\) ~u... ^ d^^Ju <a I J^i: 



(70-2) F(r) = -^f ri 

r 

:j^ii(62-2) 
(71-2) Kr) = -fF(r).dr = -^l 



<5Ua dil3^j Ajm^H ^^L SjIIjII Zj£l\ ajaH o^ r=oo t ii£. r ^jLUVI * . Ajl I \\% «Aj en 
«3lL cuL I3U ,{180° ^jLu^r^ dr c^ ijjl^ll <j? J^V) .(^al^l £*-*>* jk. ^1) 4*.Aj 

:jt <^1 <<!»£ (71-2) _i sLLjJLI j-x^jJI 

(72-2) K r) = -^^ = -C 

r 



(73-2) r 



C 



d^jaJLi <il ^1 <f LAill ^i JjVl iJ>a^ Lii£ Culj AfjjijiJI AjMi-vll <jc W- ■,.■.■ 1 1 jjtj ^S..a 

L£ < Af yijJI j£>° Sic Sj£>«ia ,CJ <itLLa ^j5 J=J j^ (73- 2) <2}UIL UjLk5l ■ il.^'.j 

. (6-2) JLill ^ 
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0) 



(74-2) 



(75-2) 



(76-2) 



(6-2)JLill 



: U^f •ij-^ CuG Cd 



dV(x,y,z) = Q 



■■& 



dV(x,y,z) = VV-cfc 



F(r) = -V7 



J£ a^ j^l ^{^ ^ ^ ^ 






:j-A Ujka 



(77-2) 



z 
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\li {Stake's Theorem) d^ <*& ^^i C& • J 1 ** 1 j LA] ^ L " 



■oi 



(78-2) 



|F(r)-A = J(VxF)- 



dk 



(79-2) 






VxF = 



W r =^F(r)-* = 



:0'tf' 



(Projectile Motion) i_&j I jU I <£ ja 7 - 2 
idlSl^l^jSl-k-. J( >^.lalif^^ 1-7-2 



<^>-k> Caa^ p 



lM3^ lXP 



:^151I 



(79-2) 



(80-2) 



m a = w g 

.^kVl ^ LJjSLi oZj^J.1 jl^tLi 
■ w-,i Lil^VI jjUil Jt <*L-1I <1jW ^^ ^ 

3c=0 
j=0 
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( X Q~y<r Z (T V Qy~®) XZ (SS^\ <j* <&J* (JJ f-u*=JI ijl Ctr^J&o oVjUil 60J> J^J 



(81-2) 



x=v 0x t 



:a^li «iUl CaUjLaII Jx JjLoilL ^^Jl <uk d^i, ^jjl jLJll fljl** jL^I j^ t 



(82-2) 



: = _^L_^ + i^. 



2 w 



0* 



^O.T 






(83-2) 



_ y o* 



2g 



:ja^i 2=^=0 Laic <i,jlll ^ ^ J,,-,V. 



(84-2) 






01 L£ tJJ L±Jl LjLi^L o^je ^ U^ 1 J-«^- <^ a*a1j <iulll <*L; ^l&jl ^i j,| 

. L^lj jji l^^nnijjajs ^jil j LJll JSL4, 



i ^r ^juu ^lo 



(85-2) 



fr 



^LLa la^j ^ ^faUl iij^. 2-7-2 

liU iajli* SjL UJt jj}j Ja^uj ^ <L J5 <Sja. ^ Lui ^xljui 

:JUJL l <J ?;-.du a .(<a. J ^JIK) 

F r =-frv 

: ,J\ 4£>aJI <ljLx J[jP ^ ^ .Ja— .^1 iajllc JxLlo b ixx 
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(86-2) 



ma = - mg - b\ 



taJ LSI.ta.tf I jjUJI ^k (86-2) <SiUJI oL£>* ji'fc JcVl j^i oz jLlcL 



(87-2) 



x=-ax 
y=-ay 
z = -g-az 



. a= b/m Lju^jdu 
,(v ,0,v ) <c^-, (0,0,0) ^jll > J=0 <1«J1I ^i culLl <iuill Ji l^jlil I jl 



(88-2) 



: Lta.jl (87-2) otf jl*ll LL.K, 



y v =y=0 



v z = z =v 02 e 



-at 



-at 8 rt „~ ai 



a 



{\-e- ai ) 



• j^v** c£>^l *>° <LLI£1L 



(89-2) 



x= %L (1 _ e -«') 

a 
J=0 



:ZjXC£> ?,>jll jLalkL <i,jSJI <uk Jjj^ ^Jll j Lull 4JjUx 



(90-2) 



r=( _JL_ + ^ )x _JL ln( . ^o^ 



<™o* y ox a Vox~ ax 



■ i y d"" Liu tulj y jj ■ ~~ 1/a j-o <ijUiL j^ ,>j jju <ai (90-2) <> Jia.5C 
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(91-2) 



-oo<— z 



u 0x 

a 



^- x <= t» 



m 



tT*~>° Ujt>*J ' r^J^- *"" "J .J* 'J^ Ua^JL_u Uj< m a m u~\ <S^=J <LbLo-o <Lajj£ll <S^p*. j »'"*"* 



(92-2) 



Cub 



(93-2) 



m 
b 



<jjj <J^^Z1 (^Jji Jqjuj^jI JjtJ^ Lajlc <JLljl jLuu-0 JSLJu J-L3UJ ui-i£ (7"2) J^itill n_J-^J 

. LojULo 







#= ^ */a 



(7-2)JL£ll 

A i n^J I <lc.jjaj *_o gin Ljlu <Jufl 'l'j^~ * +■ ' "^» Jcu-juo <LojULo ,j J /£ I < T Li JJ 4-UajJJ L << a *JQI | <C w-u 

# »"* ' " <) »' < l < < ml Li 

:JUJL V^j^ill <juLiAJL <ijjUI <£.jjlxi (_n*\^ JJ.U 



(94-2) 



V = v + w 



1L> Aj^U ?n.M.VtL r L^>ll ^^ Wj r LjJJ 5ojuo11L <L»Jill <L^juj v cu 
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:<5^lxlL SLtaJL-o <LajllJJ 6j5 j \ t A\ l»liC 



(95-2) 



(95-2) 



F r =-bv = -fe(V-w) 



x--a{x- w x ) 
y = -a(y-w v ) 



^Jl KjzJ\ oV jLjla JjpJ 



.<Ij III <£.jj-uj 'llj^"" r L^JI cul^ I J] <J jfl < "I I 

JalJa ^L^^ JL^-o^ j j>~* M i ft^jiH^ <£>a.l -8-2 

:4&U1L zUsxj* <±>^j£ *j& ^.A^ . j <Gli ((^>ll <^L»^ 



(96-2) 



(97-2) 



(98-2) 



V=qE 



ma = gE 



: j' _**«<* /\ n M-vll <^j^w iljULA j \ i . rn j 



ilitajiilj^VI j^Uil Je. (97-2) <ljl*Jtl o^ Uiil IjI 



m j) = <?£ y 



ij^ Jluc (stoft'c charges) i£Lu olia-i ,> ^ E jl£ I J] 



(99-2) 



VxE = 
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J^ (electric potential) J^L^ j^ j^ <k^ ^j\ j± -^ ^, j ^ 

(100-2) E = -V<Z> 

:<5iL«Jlj SlL*^ Sijlc j>j.ii^H «_^ij <3l_L> j..^" 
(101-2) l/ =? 

: S.KII <G5LLj 
(102-2) E =l mv 2 + q0 

Jali> ^,„jh|-,i .. a JL ? ^^ F il Jj ,- , . t.npj , ,^ ^^ 2-8-2 

S^SJ ^A^ <ili B ^LLi* JL.^iv <tj^ Cxi ^ iu . f^^ j^ Lj ^ 
(103-2) p=^(vxB) 

: 0^ LT^' tlPj^ 0>>^ «.n,i^ < i 

ma = g(vxB) 



Wl UJ 



f- jLxuUI j, | ^| , <Q^, Jc. Ujj ^j^ ^^^1 tj L^ J a^ui 6iA ^ ^ 
^ ^^ li* .LSI j *Lli <c^ f^— ^> ^>~^ <>-!! <^ fl; . = ^/ dr(£j LH\ 

^" ■ jMiia j^Jla^,^ J j-> A^j..^ ^^ 3-8-2 

:<&UJL ^^L*: <(Lorentz's Force) >Uj>l6>5 
F z =^E + (7(vxB) 

(104-2) wa = #E + #(vxB) 
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(105-2) 



(106-2) 



(107-2) 



E = 


■■E y j+E z k 
B=5 k 








: u" (104-2) 


iL£ 


mx 


= qB y 






my 


= -qB x+ qE v 






mz 


= qE z 







t jjO ^a S^i JjJ-i£. 



: jl (107-2) > £JliII <JjUII <> Jis^li 



(108-2) 



z^^t 2 + v (>z t+z (j 
2m 



J> ipliJI > Sjlil^Vlj (107-2) <> JjVl <bUil jUliL 



(109-2) 



mx = qB Q y = - ^-^— x + — - E 
u m m y 



■ J\ Sj^ 1 <kWI JUP * = M H>* 



(110-2) 



m m 



(111-2) 



U + O) u 



2..-? B l E 



m 



.2 y 



(112-2) 



0) 



qB 



m 



:J£A1I ^tfj'j^ 1 (HI" 2 ) ^^l J^ a u 'H^ ^ 
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J=^ (electric potential) J^L^. j^ JLa, <kiL^ ^,,,,-,11 Jc ij$y\ ^i j\ ^) 
(100-2) E = -V<Z> 

:<S}LJL l\\r\* t\ jjjlc * «,,.^fl « -Aj iflLia j-u-^j 

(101-2) I/ = ^0 

(102-2) E = \mv 2 + q& 

J a li> (! ^ ; ^UjL a JL^ (; ^o J ^, ! r, npJ , l , ? <£^ 2-8-2 

SjSJ j-Ai^ <GU B ^..mU i L o JU^. ^ v ^t^uu jj^,.^ m,„ ? d^ L.uc 

003-2) F = ? (vxB) 

: OP LT^' U"Uh Ojft* V"^. 1 

ma = g(vxB) 

£jLulll j,] ^i , ^^ ^ Ljj ^j^ii ^^Jl j.jU J\ ifcLJl 61a ^> ~~r;...; 
J^&^> liA .LSI j iLQ <c^ ( ^^J| J^i ^J| ^L^ ^ = rft;/rf r ^>5JI 

^M.j^ Ui^^^JU^^i j j-> Aft(>ji«i\ <£^3 -8-2 

:<5^jJL Lf L*z <(Lorentz's Force) yi^jjiljl 
F z = qE+q(\xB) 

(104-2) wa = #E+#(vxB) 

: <jl LLu-ajIil Ijli 
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(105-2) 



E=E V \+E z k 



(106-2) 



(107-2) 



B=fi n k 



mx - qB y 

my = -qB x+qE v 

mz= qE z 



ji (104-2) ol^^o ,> ^ J^ 



J\ (107-2) > 551151 1 <ljLdl <> i^iU 



(108-2) 



z = ^t 2 + v 0z t + z 
2m 



<ul5JI > Sjlii^Vlj (107-2) > JjVl <1jU1I jUi^-L 



(109-2) 



mx = qB Q y = - ^L*L. x+ ^— ^ E y 



JIS J ^Vl<LUIJ j &; ±=wt ~^ 



(110-2) 



U + i ^i ) 2 u = Uk E 



m m 



2 y 



(111-2) 



U+(D U 



l„-<t\ E 



m 



2 y 



(112-2) 



O) 



m 



:J^±JI <> ^1^1 (111-2) <bUil J^ oli <f Lu L£ 
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(113-2) 



(114-2) 



u= x= Acos( cot +</>) + 



Ba 



:<loj 



x= —sm(cot + </>) + (-Z-)t+ x n 



CO 



fin 



~ (107-2) JJ h (113-2\> s.Ui^VL 



:j^xj 



- mA co sin (cot + 0) = qB y 



(115-2) 



<1aj 



y=—cos(cot+(b)+ u 

CO L 



:J1^JL (115-2) j (114-2) <,K ^ 



(116-2) 



x-X = asm(cot + c/)) 
y-Y = acos(cot + (f)) 



(117-2) 



V 



Bn 



Y o=yo 



J (117-2) ,> l^^j ,( Xq t y^ Jfj^, ^ ^^ Sj . (j -j^ (n62) j_ 



cJjII ^ (108-2) ^u.^ jlyy z^lo^Vi ] ^ - i 
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LaU^Jlal 9-2 
1-2 J1»0 

^ikSUI ^ x=y=2z ^J^\ ^ F = (x 2 + z 2 )i+(2z)j+3k (N) ^' J^ U 

S> (8,8,4)j (2,2,1) 



1 






8 2 



\ Fx .dx=\{x l + z-)dx=\(X + ^ )dx=2W J 



5 o o 

l Fy .dy = \2zdy=\ydy = W J 

2 2 2 



JF z »dz=J5dz=9 J 



OJ%* 



O \F=249J 



2-2 Jl* O 

f-^ ,> V = (2x-y+z)i+(x+y-z 2 )) + (3x-2y+4z)k (N) ^ ^ "-* 

oLiilj^V 1 ' is +* U J^>° ^Jcsj^-^ 1 ^ s -h Ij U -'~ > " ^ ^^ ^ J -^ 

•? (3 m) U^kS l J .^\ j 

F = ( 2x-y)i+ ( x+ >')j + (3*- 2j')k 
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: J* <-"* 



ck = (dx)i+(dy)\ 




(9-2) JSLAII 

Jl j^-» i># jf*^ ^ y=5s\nG j x=5cosd J\ y 3 x oLsl^VI Jj>^ 
jj—j jij^ ,((9-2)J££II jJajkl) SjilJI Jc <L,l£ Sjjj r „ ? ll ^i^j sic In 

-J ( _ > t-' 1 > n J* itill 



W~- 



■■$V.ck = l[r = (2x-y)iHx+))iH3x-2y)k].dr 



c c 



= \(2x- y)dx+(x+ y)dy 



c 



In 



W= J[2(3cos0)-3sin0](-3sin0)^ + [3cos0 + 3sin0](3cos0)d0 

o 



Ol C5» 



□ 



W=18 7T 0) 



3-2 J1»0 

.<kiL^ V = (y-z 5 -6xz 2 )i+(2x)>z 5 ))+(3xy 2 z 2 -6x 2 z)k Sjill u' *>^ 



VxF = 



^ 
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VxF- 



i j k 

d_ d_ d_ 

dx dy dz 

y 2 z^-6xz 2 2xyz* 5xy 2 z 2 -6x 2 z 



= 



.^Lai <iiiU^i Sjlili 



4-2 Ji* O 

oL^Jl^ kj jj i) V=^ i <cj^uj j\ , ,ijj IxJJ <k£i jIh £=0 4 h^lll ^ jl£ <Gl 



(1) F=ma = gE+gvxB 

:.^'i4 ozj oj; j OTj^LJJ ^Jc Sj^Vl <5^UJI oL^j-q a^li 

mx- qB y 

(2) ^ my- qE - qB x 

mz-0 

:j_A <<L-<ajjiil <_uljliVI JojjjlLJL i 6j.i~k.VI iljlail J^. ^jl rc-x-<aljJI Jya 



Q Br\ 

mx- qB^y-- — -(E - A)*) 
m 



: ^ jt= M t^W 
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(3) 



m m 



■ ji 





U J rO) 2 U-C0 2 V c 




:Ua^>j Oa^ 




qB Q 








m 




J 




v c =E /B Q 




:^ <JjU1I (3) J^ 


u- 


= ±=^cos(^ + 0) 


+ v c 


:^Li pJaJI JajjjLxi ^u-u^^i 



(4) 



(5) v = Acos(j)+v c 

:aaJ (2) oVjLJI Jij] ^ SjUIi.iVIj x jUliL 

tf = -,4&> sin(6K + 0) = o>j 

(6) y = -Asin(cot + <l>) 

^4 sin0 = 
:JL£JI ,> (5) <JjUII j^^i JUl ,0 =0 oi ^ 



Vo = A+v c => A = v -v c 



ir=i4cos6)^+ ^ c 



(4) ^ j ^ 



o^J*^ 
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(7) 



ui c*l 



A_ 

0) 



x- — sin&>? + v c t+ c 



,j_j£j iuliuVI lajjJul' ._ in i -> \ 



c=0 



>\ c*i 



x- asmcot+v r t 



a=A/d) 



y = - Asm cot 



y= — cos cot + d 

0) 



:(6) i>o J^ < JiJLlI (^utilj 



41aj 



I^jj^-i <_ulji*VI iaj(jjuxjl i^n tt~\\ 



d ' --a 

CO 



■J tfl 



(8) j/=a(cos6)f-l) 

. t j Ll p£lVI ^j^J jxUJI J^JI Ud^j jS ojii 1^4-* 
JUtJI ^ LcS < (cycloid) jjKLL^ (8)j (7) CjGljLdL ^^1 jLu-i' ^r^ 

.(ijLJLl <JjI^ <J&\ W c <^l\ ^>oL) .(10-2) 



□• 



(10-2) JLill 
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wZj^^J Id^lJ i^ilL ^l ^31^ ^j| ^3^ LjL ^ 3 ^^ ^ 1-2 

r=.4sin(o;rti+/icostor)j <r=c&+Asm(Q)t) ) <r=cti-Q.5gt 2 y.Uttl ^\jl\ j> jj^o 

r= c7i+fecostor)j+fein(fi)/) k 



JaS c_L^ ^jl^ &J* JjL ciT 



m. 



a/T\B 
c 

(11-2) Jiill 



^^-^ cr 1 ^ 1 £jLuiUI i-«ui 3J 3^ 2-2 

a I == U/V / dt I = ( ir + // ] / p 2 ) ] 2 ^ <" i^=JJ I <CLcj^j p <u«jE 

B j A t> d^ft 4 1.^ n iooi 31 ^jj (1) 3-2 

cu^ C 2 =A 2 +B 2 +2AB cosO :U^jJL L.~ 

.((cosine laic)pl£l\ ^^ 3^15)1*^ Lj^l 

<S^U1I «> ^^Lu <L^ai 6L^J| 31 ^^ ( v ) 

:((ll-2) JLill ^l)(^/sina)=(fi/sinj8) = (C/sin7) 




(12-2) J1AII 



^ *4fL5L>^ S^* *JU^ -^ /;? f 



£-^OJJ 



4-2 




JLkL ^j ,(12-2) JUJI ^ US ^U^kS 

jjlxoxxi pj.H^N 31 3^^ .JliLJ 3jjj ji^V 

r 3^1 <-L^uilL 2a/3Lf^.USjl <kfc ait wL.j i 

SjSJ ^JaJI ^LuoUI ^ pj ,„ ? dl^^u 5-2 



p: 



I.M^ll 



t* 



sjjai 



CH» 



^ ikSUI 



L>^ <G| ouu ,(13-2) Jl^JI ^ L£ ( [^ 
^a SjSlI LuS 3U fi ikaill alt jvj.M^II 3^ 
j\} " i ^N j^ Lojlc Sj-all 6JA J* ,,tj iA .F 
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Ji^U .F=cx j F=ay^+bx 2 y j F=ax 5 +bxy 2 +cz l^LS^ S^il ^..a ^.a^j 6-2 

<?(*, V Q , Z)j (0,0,0) CjlUVxW c?U J-uJ^I -Lkll ^ f^UaoJI J5lu Ljlt 6^1 
Lojlc 63JLII 6jJh JjLlLLo (l) ,F=— b/y J-^ltl ,Jc pi M mil Jt>^-0 J>C 6*UU A-0 

<gLjIj^| ^ U»*t 6j-ki pI .A41I ^ Jj ^ u At tnyl <k-J ^1 ^k x j F j L i^. 8-2 

.2"= 67 j )' = bt 5 j x=x + tf^olaUlL 




P 

(14-2) Jiill 




(15-2) JLAII 



^ILo .(14-2) JSLill ^i L^ «M)<ksJll 

SLk^J J\ ^i PJ 4 immIL 

.(15-2) JLill ^ Lai ,jiVl ,>a <ej^ 
i$ j"* ' "H ^^ *j " " ^t l c£-^ 6' uA^f (0 

/?=2^[sin(g-a)cosj8]/(gcos 2 a) : s> A 



J^^ ^b /? wm . = /;;;7(l + sina) >* c£j^l ^ cr^^^ 1 ^' uUu*j* (v) 

./?=7r/4+a/2 Lj^. <uk 

XR/2g) v2 jM o'j^ 11 u-oj ub #/ 4 ^ # *^ £*^ fc 1 ^ 1 ^* u» 6A* H" 2 

«Jtijl a hr.V 1 (jA\ ^o J5l <iLan <ic Jjijj cidA <aLoj iiJiij-o ^Ij Jj^ I 2 " 2 

ixjliHj 45° £y> L iaiJL jXjuoI LjbVji ^pUs^J ^jliLiLa-o ^LLjIj dlliA ^i j^a^ 

.(j^LUVI ijjljl ^JjVl <a*Ij^JJ V ^5) S iikaJll icjaJI 
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<i>UJL J~2 Hiil ^Lijl Jclj RU\±> Udil j^VI <*^ 1 ^^ 13-2 

.sin^4/W%l6//) 1/2 ] : ;u>ujL ^ jyjwi <yi 3 ' b \gU?+l6rf)m m UbU 

.//+Wa/[4(//+^ana)<JI J^ ^i j^] J ^ .j^yi <U; > Diuii 
?(85-2) <IjU.L sLk^ i*,LLo SjU ^.av; <i,15 «JI J^> ^U^l JJL, 15-2 

.(83-2) <JjbJL ^U, La a 

■ w=wj L^, c Lj j^, ( WV ^ lj ^' ^-^ M 1 0* <i;JS 3^ 16-2 
iJ^I ^ ( v ) .^1 <JVa, Zj J^j Jf > JS ^j (95-2) K^JI oVjLu> J^ (i) 
r J* L,LJI jjj^JL Jiiia.1) z=0 ^iiVl c5i l^J.L <LjJill ^^p ^ ( x ,y) 
Ujjill ^ax j,Li C L>1I <^^j ,1^1 cyli» LLai Ijl <g1 ^ (^) .(.yu 
tfjfc Liu <4ry o2 /3mg J^ .La JLyli, j^ <1L. ^i <uk ^u* ^| j,^ 

■2rwv 2 0Z /mg 2 ^^ ojj^i' «> j*^ ^iu* 11 c;^ J^ <S>>^* C L, 4^ 
<i1 j^ ■ v = ^ ox - %> ^ oz ) V'-^l <*>-? (- rv) fjls- l~-j ^i <i.ji jlk; 17-2 
Ar o^ r = -Ig; 2 k + v /-Ar: J^iJL LLiiJJ ^^11 < ^ a <,U^ j^, 
: -? ^WL -Wl ^UjU-a f li*il <JU ^i J^JI jc <aiUil f ^| ,_^ ,^-n 

.Ar=r[v (^ 2 -1^ + ... ) ; g( l t 5_i rt 4 + ... )k] 
iiU* ^ JitiU^ ^ ^ 6-2 ^ 5-2 c^uJj ^ j^^l ^ 0? ^ 18 . 2 

:Li* <kiLJ| ^j ^tL j^ ^(^ y^L^i ^^i ja ^ 19.2 

.f =18«%z 2 J F Y =6abx^-\0bx 4 yjF x =6aby^- 20^/ (1) 

.F z 6abxys?j F y =mbxz 5 -10bx 4 y j ^ x =18abyz 3 -20^y ( v ) 

• F=f U)i+i?(»j+i? 2 (z)k (^) 
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:<JllII (^Ul > JSJ f-A>JI 42LLL 20-2 

.F 7 =3«zW)j F=2^+2 3 )+3«y(^+/) j F=2ax()P+2 3 )(l) 

.F z =iv?jF=ap 2 sm<l>jF p =ap 2 cos<l> ( v ) 

.F =arsin0sinA . f =-arcos6 cos</> jF=-2arcin0 cos0 (4) 

.tfW+^+cr c^ . F 7 =cze- R jF Y =b)z- R j F=axe R (j) 

, £? 2 /2 ( v ) .ax^z 3 (1) : J^iJI > t-ij UlL Ul ^1 S^l oUS^U 21-2 



F=a Bj/r J^uiil J^ Sjailo Sj5 jjS'g 0^2 x)' c5 _ J l4 J J.I ^ jxa^u^ J^j 



22-2 



Sj_Lll Ja (l)0 6U2L Sj^-j <u=v^ Bjj Ia-JJ Jt f.""?' l ±*i r J ^ a 

. 3 ?J r,l l ^ jk S( v 16-2) j,(l 16-2) 




X (v) 




(') 



(16-2) 

E = (E sincuf) i ^L.^ C^M f-^0 i^-ij m <si3£ f^-*. <£>* ^jjl 23-2 
.G) = qB /m Uuc <iLJI ^jjl . y Q =0 jl ^^ B=B Q k ^ . jU l ^ n j 

<Gi jjb^ .B ^..nUI-.t, JU^j c^G ^_*£ J 1 -?- u* (m,q)^u^. d^I> 24-2 

.B ^ Lj^JI E <^j^> <> li.^lV. Lui Ij^L r J JJ2 Jjlkl 

du^ v=-f Q-JcW^SbUJL SLk^u. 4*^^. <laLo ^_^ _>^i ^ jjJJ 4>=4? 2 ^" 2 
>._. -. ■ ,(17-2) JUJI ^ US ,«La,.^no ^> 41. 4l>Si ^1 .uu Xj ^1 ^jt 2fl 
SjiJ • -^' US <(F=bv) pUI 4jl^ j_o 4^ulHll pill jij Sj-aJ 3jjC>JI ^ ' ^J 
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<£. 



JoX^ 1 



Jf- 



F ^^iSUjj <_sjLmjj <U (^aLjjjj C/-Lp- o^ <9>jlJ 4-i^.jLi. 







(17-2) J^iJI 
B=Sj cut: ^^llLo ^ij E=£icul5 ^L*£ JU_o ^i ^j^JI d^jL 26-2 

u>a-j ft t>j=j O^J ^Li ^lj clL-, JLl^o ^ Sjji ,r> <iU. JI31; 27-2 
J*i jj,, ULJI JU^L (1) .j^il £_LiJjl ^oii Jt jjc <Ls: ^ tjj JISlJ 
J>^»>U ^j ^m.i , , , ^jj| j>3JILo ( v ) <;<uk <kii .jAiki ^1 J^ La^ ..II...I I 

o^ Ux. fe U>5 *_L^i s^ s^£ jJ^ Jt ^j^^ ^£ (tJ ,„ ? jjji, 28-2 



SjL^ 



»,g) 



r^ - 



J. 



1 : (The Cylidrical Magnetron) sj -.l J L...v | j^-.-.^it | 29-2 
*e J 1 ^ tfJ"P j'ai-l J*. Sa^j <*jl. pj) E=(a/p)p l ^L>^ JL^o ^_a 
jl j, 1 *^*- J^>£ B 3 a&^ <B=Bk ,,.j U •,»..., ^ij (ozj^l ^> -■■■:" 
<*-£JI Ol <>^ ( v ) .<uljk«VI oLSIj^VL 4^JI oVjbu, ^1 (i) .jUL- 
JLiim UUJI J.K3 ^^j W .^ ^ ^ mp 2 + (^/2c)p- K 
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j^L* (_a) <oz J>^ LjSIj jL-JLI o£J ^^'^ t^ 1 ^J^ 11 -* ( J ) 

S^jilJI jLJll lift J>a. Sjji^all ol^ljlaVI 

... i. _....-. plSiV i^uJI ^jin* (lj^-u -.(velocity selector) <*j*J I ,^521* 30-2 

«oIjL-JI j^-o S LJL B t> ...jUI-it n ^iVIj <ol^JI j>^ o^L, E ^Lj^ 
^ ^ 3^ J^ J^ 0-° 3LhJJ oU^JI <*> J^ ■ (18-2) Jlill ^ LS 

Jaii l^k J>^il jljJLI 5c^JI WJ ^1 oU^ll _i^V i^ Bj E ^Uil 

Lujll jjo^ Jiii^l S2=/ <kiill Jl J^j ^ <oz t*a i^k^ Ljl^ l^L^ 
oU^Jl > ^ ^1 ^ cm- Bj E > J3 jLoii J^IL. ( v ) •« J JjVl 



.-,!_ 



tf 



xL: 



Bj E ^ f .^n„l y till J-All a- ^ 01 ^ J <ijb* ^^° d ^ °^ s^ 1 




(18-2) JfLUI 
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